Abstract: Diets eliminating animal products have rarely been associated with hypothyroidism but may protect against autoimmune disease. Thus, we investigated whether risk of hypothyroidism was associated with vegetarian compared to omnivorous dietary patterns. The Adventist Health Study-2 was conducted among church members in North America who provided data in a self-administered questionnaire. Hypothyroidism was queried at baseline in 2002 and at follow-up to 2008. Diet was examined as a determinant of prevalent (n = 4237 of 65,981 [6.4%]) and incident cases (1184 of 41,212 [2.9%]) in multivariate logistic regression models, controlled for demographics and salt use. In the prevalence study, in addition to demographic characterstics, overweight and obesity increased the odds (OR 1.32, 95% CI: 1.22-1.42 and 1.78, 95% CI: 1.64-1.93, respectively). Vegan versus omnivorous diets tended to be associated with reduced risk (OR 0.89, 95% CI: 0.78-1.01, not statistically significant) while a lacto-ovo diet was associated with increased risk (OR 1.09, 95% CI: 1.01-1.18). In the incidence study, female gender, white ethnicity,
Introduction
There is a growing awareness that a plant-based diet decreases morbidity and mortality associated with a range of chronic disease. However, there are concerns that vegetarian diets may be low in calcium, vitamin D, vitamin B12, and zinc [1] . Another critical nutrient is iodine which is found mainly in iodized salt, breads and dairy sources in the U.S. Since 2000 the U.S. population generally has demonstrated adequate iodine nutriture [2] . Vegetarians may consume less iodine than their omnivorous counterparts [3, 4] . The American Dietetic Association recommends that those consuming vegetarian diets be cognizant of the need of iodine supplementation [1] .
Vegetarians include vegans who do not consume animal meat or dairy products, lacto-ovo vegetarians who eat eggs and dairy products and pesco-vegetarians who consume fish in addition to eggs and dairy. Lacto-ovo vegetarians in the U.K. appear to have adequate iodine intake [5] . Vegans may be at risk of inadequate iodine intake as animal products tend to be rich in iodine [4, 6] . Study of British, and recently, U.S. vegetarians indicated that vegans are at risk of iodine deficiency [7, 8] . Urinary iodine concentrations in Boston-area vegans were about one-half those observed in less strict vegetarians [8] . Transient neonatal hypothyroidism has been attributed to a maternal vegan diet [9] .
The most common cause of acquired hypothyroidism is autoimmune thyroiditis [10] . In almost all cases, anti-thyroid antibodies are identified. The incidence is increased in women, with increasing age and is less common in Blacks. While hypothyroidism may cause obesity, obesity may result in raised thyrotropin-stimulating hormone levels, partly due to a proinflammatory milieu and other endocrine derangements [11] . Vegetarians tend to have lower body mass index (BMI) than nonvegetarians [12, 13] and in some studies, lower levels of inflammatory markers [14] . Experimental data indicate that vegetarian diets may be useful in treatment of autoimmune disease as rheumatoid arthritis [15] .
The purpose of this study was to see if vegetarian diets including vegan, lacto-ovo, pesco or semi-vegetarian were associated with prevalence and incidence of hypothyroidism compared to omnivore diets. The study was conducted in a church-going Adventist population exhibiting a wide range of dietary patterns from vegan to non-vegetarian.
Methods
The Adventist Health Study-2 (AHS-2) is a longitudinal study initiated to investigate the role of foods and their relationship to disease, particularly cancer. Participants were members of the Seventh-day Adventist church recruited through their respective churches in the U.S. and Canada. About 97,000 individuals joined between 2002 and 2006 [16] . Participants were eligible if they were proficient in English and were aged ≥30 years. All instruments and procedures were approved by the Loma Linda University Institutional Review Board in June 2001; approval was renewed annually thereafter.
Procedures
Once enrolled, each participant received a previously validated questionnaire with the informed consent materials [17] . The questionnaire was divided into sections on demographics, medical history, dietary patterns, physical activity and other lifestyle habits and self-reported height and weight. Questionnaires were returned by pre-paid envelopes and edited for missing data and stray marks. If the research staff felt data entries required confirmation, or demographic data were missing, a phone call was made to verify these entries.
Race and ethnicity were categorized as Black/African American, West Indian/Caribbean, African, other Black, Hispanic, and non-Hispanic White. In the current study all Blacks were collapsed into one category and non-Blacks in a second category. Respondents reported their level of education as grade school, some high school, high school diploma, some college, associate's degree, bachelor's degree, master's degree, and doctoral degree. These data were collapsed into three categories: high school diploma or less, some college and college graduation or higher. Respondents reported personal and household income by checking one of eight income categories, ranging from <$10,000 to >$200,000. Responses were grouped into four categories: ≤$10,000, $11,000-20,000, $21,000-30,000 and >$30,000. BMI was calculated at baseline from respondents' self-reported height and weight as kg/m 2 . These self-reports were validated [18] .
Dietary Assessments
The food frequency questionnaire administered at baseline included over 200 items queried over the past year. Categorizing vegetarian status was done by defining vegans as subjects that reported consuming no animal products (red meat, poultry, fish, eggs, milk and dairy products < 1 time/month), lacto-ovo vegetarians as those who consumed dairy products and/or eggs ≥ 1 time/month but no fish or meat (red meat, poultry and fish < 1 time/month), pesco vegetarians as those who consumed fish ≥ 1 time/month and dairy products and/or eggs but no red meat or poultry (red meat and poultry < 1 time/month), semi-vegetarians as those who consumed dairy products and/or eggs and (red meat and poultry ≥ 1 time/month and <1 time/week) and omnivores as those who consumed animal products (red meat, poultry, fish, eggs, milk and dairy products > 1 time/week). The frequency of adding salt to food was queried as once a week or less, 2 to 6 times per week, and once per day or more. Iodine intake was not specified in the questionnaire.
To validate nutrient intakes, a calibration study was conducted among participants randomly selected from the AHS-2 cohort [19] . In this study validity coefficients were moderate to high for macronutrients, fatty acids, vitamin, mineral and fiber.
Outcome Assessments
In the medical history section of the questionnaire, respondents were asked if they had hypothyroidism diagnosed by a physician and if affirmative, to indicate when they were first diagnosed. Those who had been treated for hypothyroidism within the last 12 months were included as prevalent cases.
For assessment of incident disease, participants completed bi-annual Hospitalization History Questionnaires (HHQs) initially administered two years after the baseline questionnaire. In HHQ 3 administered in 2008, subjects were asked for the first time whether 
Telephone Validation of Cases
A random sample of 103 cases reporting hypothyroidism in the prevalence study was generated. Up to three telephone calls were attempted to verify the diagnosis by asking the respondent to indicate whether they were treated for hypothyroidism at the baseline questionnaire. All 46 individuals that could be reached confirmed the diagnosis. Of the remaining, 33 did not reply to messages or subsequent calls, 16 had telephones that were disconnected or wrong numbers, and 8 hung up before answering the question.
Statistical Methods
Descriptive characteristics were compared between prevalent and incident cases and the rest of the population without hypothyroidism using chi-square or the two-sample t-test, as appropriate. Logistic regression was used to examine factors associated with the outcome (prevalence of hypothyroidism). The logistic regression model included gender, ethnicity, age (as continuous variable), BMI categorized as <25, 25-29.9 and ≥30 kg/m 2 , income, education, frequency of salt use and diet. The denominator for incident cases was the population without prevalent disease who responded to HHQ 3 (n = 40,910). For incidence of hypothyroidism, we computed a complementary log-log model for interval-censoring in order to investigate the relationship between time-to-event and aforementioned risk factors [20] . The model also included the period of diagnosis as a covariate in the model. Results were presented as odds ratio (for the logistic model) and 95% confidence intervals. All analyses were done in SAS version 9.3 [21] .
Results
Of about 97,000 respondents, complete data for all variables at baseline was available for 65,981. As shown in Table 1 , several sociodemographic characteristics differed between subjects who were diagnosed with hypothyroidism at baseline (prevalence data) or reported new onset of hypothyroidism during follow-up. Subjects with hypothyroidism (prevalence and incidence data) were older, more likely to be female, less likely to be Black and more likely to use salt. In the prevalence data, these subjects had a higher BMI and lower income and education compared to subjects without hypothyroidism. Overall, diet differed between subjects with and without hypothyroidism in both datasets. Table 2 shows that in multivariate logistic regression analysis, prevalent cases of hypothyroidism were associated with a lacto-ovo vegetarian diet, while a vegan diet tended to be protective. Table 3 shows that new cases of hypothyroidism tended to be reduced in vegan compared to omnivore subjects. 
Discussion
Our main finding was that following a vegan diet tended to be associated with protection against hypothyroidism in the incidence and prevalence studies, though statistical significance was not attained. While vegan diets are associated with lower body weight, which may protect against hypothyroidism, the lower risk among vegans existed even after controlling for BMI and potential demographic confounders. Following a lacto-ovo vegetarian diet was associated with increased prevalent hypothyroidism but not incident hypothyroidism.
In regard to the tendency toward a lower risk of hypothyroidism associated with the vegan diet, the prevalence and incidence data were congruent, though not statistically significant. Several explanations may be given for our findings. As the diagnosis was not verified by objective measures of thyroid function, bias may exist. Vegans may be less likely to visit their physician for physical examinations than other dietary groups and thus disease may be underdiagnosed. We are unaware of published data to confirm this notion. Unmeasured confounding may be present, though we controlled for known confounders of the relation between diet and thyroid disease, including the lower BMI of vegans and a range of demographic variables. A postulated biological explanation is that animal products may induce an inflammatory milieu. Red meat consumption is associated with higher levels of high-sensitivity C-reactive protein (CRP) [22] and in the population studied herein we earlier found that following a vegetarian diet was associated with lower CRP levels [14] . However, this is solely a postulate, and little is known about autoimmune effects of vegetarian diets. Very sparse data is available on effects of vegetarian diets on rheumatoid arthritis and other autoimmune diseases [23] .
We do not have a ready explanation for the findings related to the lacto-ovo dietary group, though several components of the vegetarian diet have been associated with increased risk of thyroid disease including soy products, cruciferous vegetables and low iodine intakes [2] [3] [4] . However, if these foods were causative of impaired thyroid function, one may expect the vegan group to carry as high risk as the lacto-ovo vegetarian group. Very early experiments in animals indicated concerns about goitrogenic effects of unheated soy [24] . There is also epidemiological evidence in infants to bolster this concept [25] . Among vegetarians with subclinical hypothyroidism, soy phytoestrogens may impair thyroid status [26] . On the other hand, most human clinical data do not show a significant causative effect of soy on hypothyroidism [27, 28] . Goitergenic foods include cruciferous vegetables which suppress thyroid function, however, little evidence exists that these effects are clinically significant in the U.S. population.
Prevalent cases constituted ~6% of the population, which is somewhat higher than national estimates, probably due to the older age of the church going sample in this study. In comparison, NHANES III showed a prevalence of hypothyroidism of 4.6% [29] . Incident cases were calculated to be 0.36% per year, if incidence was equally distributed over the entire follow-up period of 6 years-however, this was not the case as shown in Table 3 .
We found the expected associations between demographic characteristics and hypothyroidism in the current study. Studies universally demonstrate a higher incidence and prevalence of thyroid disease in women and non-Blacks [29] . Income was not associated with prevalent or incident disease. Yet, we found a relation between longer education and prevalent and incident cases. We are unaware of previous publications that found this relationship. This may imply under-diagnosis in the groups with less education.
The relation between obesity and hypothyroidism appears to have several explanations. Persons with obesity are prone to develop autoimmune hypothyroidism, and even mild thyroid failure contributes to the progressive increase in body weight, which ultimately results in overt obesity [30] . Furthermore, obese patients exhibit elevated thyrotropin-stimulating hormone levels, which may be the consequence, rather than the cause of obesity [11] .
Strengths and Limitations
The strengths of our study include the sizable cohort, following a range of diets and the availability of both cross-sectional and prospective data. While the dietary questionnaires were validated, iodine intake was not measured, so we used added salt as a proxy measure. However, the questionnaire did not specify whether it was iodized. We do not have data indicating whether vegans were more or less likely to use iodized salt than other dietary groups. Increased salt use was associated with increased hypothyroidism, both in the prevalence and incidence studies-this finding is not explained. We did not record the family history of thyroid disease which plays a part in pathogenesis of autoimmune thyroid disease.
The data are self-reported, and health risk behaviors and disease states may be under or over reported. However, under-reporting of events is unlikely to differ between self-administered questionnaires and blood samples [31] . Self-reported questionnaires suggest high sensitivity for hypothyroidism [32] . Individuals may report thyroid problems because of other medical symptoms, like weight loss. However, only participants who reported treatment in the last 12 months were considered to have the disease, to reduce over-reporting.
Conclusions
With the exception of the lacto-ovo vegetarian diet findings in the prevalence study, vegetarian diets were not associated with increased risk of hypothyroidism. Vegan diets which may be expected to lack iodine due to complete exclusion of animal products tended to be protective.
